SUMMARY 1. Tetryl is converted to methylpicramide, an active dermatitic agent, to the extent of 80 % when irradiated with full ultra-violet light for 3 hr. at skin temperature and at pH 5-5 (approximate pH of epidermis). Longer irradiation (16 hr.) completely destroys the methylpicramide.
The Stabilization and Estimation of Lactic Acid in Blood Samples BY C. LONG, Department of Biochemi8try, The Queen'8 Univernity, Belfast (Received 4 September 1945) Three factors are known to raise the lactic and pyruvic acid levels in blood above the normal basal values, viz. (1) increased carbohydrate breakdown following a meal (or test dose of glucose), (2) anoxia, due to a fall in atmospheric 02-tension or to strenuous muscular exercise and (3) aneurin (vitamin B1) deficiency (Friedemann, Haugen & Kmieciak, 1945) . Determinations of blood lactate and pyruvate are therefore of great value in studying many phases of carbohydrate metabolism.
A simple procedure for lactic acid estimation, based on previously published methods (Friedemann, Cotonio & Shaffer, 1927; Gordon & Quastel, 1939) , is described in the present communication.
One of its advantages is that a series of lactic acid determinations can now be carried out simultaneously. This has proved very useful when conducting tolerance tests. The reaction between lactic acid and the oxidizing agent, ceric sulphate, has also been investigated in some detail.
The method of stabilizing the pyruvic acid concentration of a blood sample at its in vivo level has already been described (Long, 1944) . Since the rise in lactic acid concentration of shed blood is known to be due to oxido-reduction between pyruvic and triosephosphoric acids, it seemed likely that a similar procedure would also stabilize the lactic acid level. This has proved to be the case. Consequently, both pyruvic and lactic acids may now be determined on the same blood sample; this is an advantage in view of the importance attached to the lactic/pyruvic acid ratio (Stotz & Bessey, 1942; Friedemann et al. 1945) . The blood glucose level is also stabilized under these conditions. Iodine. Stock 0-lu-iodine was estimated by titration against 0.1 N-Na thiosulphate, using pure Na iodate as the ultimate standard. Diluted x 10 as required.
Cetyltrimethylammonium bromide ('Cetavlon'), NaF and acid citrate buffer were used for the stabilization of the blood samples as recommended by Long (1944) .
Apparatus
The unit of the apparatus (in section) is shown in Fig. 1 . A is a 'Monax' 100 ml. boiling tube, fitted with a rubber bung, through which pass a thistle funnel B (bent as shown) and a simplified splash head C. The capacity of the splash head bulb is identical with that of a 20 rnl. pipette. C is connected by rubber tubing D to glass tubing E which passes through a rubber bung to the bottom of another 100 ml. boiling tube F. Through this bung also passes an absorption tower G; this consists of a glass tube, length 35 cm., internal diameter 10 mm., filled to a depth of 20 cm. with glass beads (3-5 mm. diameter). The lower end of the absorption tower is constricted to keep the beads in place. At the top of the absorption tower is a cork carrying a bent glass tube H connected to rubber tubing fitted with a screw-clip J. The lower end of the rubber tubing is connected to suction K. The whole apparatus is mounted on a wooden stand, tubes A and F being held in position by passing through a closely fitting wooden framework. The lower end of tube A is immersed in a water-bath. Six of these complete units are carried side by side on the stand. A single water-bath and source of suction supply the whole apparatus. The units are readily dismantled for cleaning.
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Procedure
The blood sample, treated with 'Cetavlon', acid citrate buffer and NaF, as described by Long (1944) is deproteinized as follows. 5 ml. of the sample are added drop by drop to a mixture of 4 ml. 25 % trichloroacetic acid and 1 ml. distilled water contained in a 15 ml. centrifuge tube. After shaking thoroughly and centrifuging for 30 min. at 3500 r.p.m., the supernatant layer is carefully decanted from the protein precipitate and 3 ml. (equivalent to 1-5 ml. blood) is introduced into the tube A. 4 ml. 0-9 % Na metabisulphite are introduced into F, through the upper end of G. G is then fitted with its cork and bent glass tube. The temperature of the water-bath is maintained at 600.
Suction is now applied, the screw-clip being adjusted to give a fairly rapid rate of aeration. The liquid in tube A should be bubbling freely, but the bisulphite solution should not rise above the level of the glass beads in the absorption tower. This rate of aeration has been determined by means of a flow-meter and found to be 500 ± 150 ml./min. Ceric sulphate (10 ml. 30 %) are now added to A through the thistle funnel. At this stage the rate of aeration may again be adjusted by means of the screw-clip.
After 30 min. aeration, the following are disconnected in the order mentioned; source of suction at K, junctions D-E and G-H. The glass tube E and absorption tower are then rinsed with distilled water, the washings being collected into F.
Two drops 1 % starch solution are added to the contents of F and excess metabisulphite removed by addition of 0-1 N-iodine followed by 0-01 N-iodine till a faint blue end-point is reached. 3-5 g. finely powdered Na2HP04. 12H20 (Lehnartz, 1928) are then added followed by titration to the same endpoint with 0-01 N-iodine (1 ml. 0-01 N-iodine is equivalent to 0-45 mg. lactic acid).
Using the above technique, five lactic acid estimations and one blank estimation could be made simultaneou#ly in the course of about 2 hr. The blank estimation was generally about 0-025 ml. 0-01 N-iodine, equivalent to 0-011 mg. lactic acid.
STUDY OF THE REACTION AND CONDITIONS OF THE METHOD
(1) The reaction between eerie 8ulphate
and lactic acid (a) Without removal of acetaldehyde. Gordon & Quastel (1939) N-H2SO4) and 1 ml. ceric sulphate (stock 30% solution diluted with 1-5 vol. N-H2SO4). The mixtures were incubated on a tray suspended in a water-bath for 5-60 min. Blank experiments without lithium lactate were also made.
Temperature of incubation, 50 or 600. At the end of the incubation period, two drops of the 'ferroin' indicator* were added to each beaker and the reaction mixtures titrated against standard 0-1 N-ferrous ammonium sulphate (1 ml. is equivalent to 4-8 mg. lithium lactate).) Exp C. LONG eeric sulphate reduction) is observed at both temperatures, providing the incubation is cohtinued long enough; at the higher temperature, as might be expected, the reaction rate is greater (Fig. 2) . The inference to be drawn from these experiments is that, in addition to the main reaction (1) 
Reaction (2a) has been found to take place readily (Table 2) and is therefore the most likely alternative under the experimental conditions. The extra reduction of Ce++++ by added acetaldehyde is seen to be greater when lactate is absent from the reaction mixture. This would be expected since lactate is being rapidly oxidized to acetaldehyde. The amount of acetaldehyde added (1-5 mg.) was equal to the quantity which would be formed by oxidation of the lithium lactate (3-23 mg.) present, and the extra Ce++++ reduction has been found to be of the same order of magnitude as the excess observed in Table 1. (b) With removal of acetakdehyde. It has been shown that lithium lactate reduces more than its equivalent of ceric sulphate and that this extra reduction is caused by the acetaldehyde formed in reaction (1). It was still necessary, however, to prove that the lithium lactate sample was absolutely pure. This was established in the following way. Lithium lactate and ceric sulphate were incubated together at 600 for periods of 30 and 60 min., the acetaldehyde formed being removed from the reaction mixture in a current of air and absorbed into an excess of Na metabisulphite solution using the apparatus shown in Fig. 1 . The bound bisulphite was estimated by titration with iodine and the yield of acetaldehyde calculated. The extent of Ce++++ reduction was also determined as previously described. The higher temperature of incubation was used in order to make certain that all the lithium lactate had been oxidized. The results Qbtained are shown in Table 3 .
The volume of 0-N-ferrous ammonium sulphate given in col. (1) of Table 3 is a measure of the amount of acetaldehyde formed in reaction (1) plus the amount of acetaldehyde oxidized in reaction (2a). The volume of 0-1N-iodine given in col. (3), on the other hand, corresponds to the amount of acetaldehyde formed in reaction (1) less the amount oxidized in reaction (2a). It follows then that by adding together the titres in cols. (1) and (3) and dividing by two, i.e. by calculating the mean titre, reaction (2a) is eliminated, and the figure obtained corresponds to the amount of acetaldehyde formed from lithium lactate according to reaction (1) only. In every case this is found to be nearly 100%, so that the lithium lactate sample may be regarded as being quite pure and suitable for use as a standard. Table 3 shows also that the reaction is complete in 30 min. at 60°.
(2) The determination of lactic acid (a) Recovery of lactic acid from aqueous solutions of lithium lactate. In the two experiments quoted in Gordon & Quastel (1939) recommended the use of a Schrodter flask for the oxidation of lactate to acetaldehyde and absorption of the latter in Na metabisulphite. This apparatus was employed at first in the present work, but poor recoveries, ranging from 18-0 to 87-5 %, were obtained. The impression was gained that the Schr6dter apparatus used in these experiments (although other types may be more efficient) had three main disadvantages, viz. (1) acetaldehyde could not be removed sufficiently quickly from contact with the ceric sulphate, (2) absorption of acetaldehyde was incomplete and (3) the transference of Na metabisulphite from the absorption chamber to a more convenient titration vessel always resulted in some loss. The technique described earlier has none of these disadvantages.
(b) Effect of other substances on the lactate recovery.
Gordon & Quastel (1939), using ceric sulphate as oxidizing agent, showed that lactic acid could be determined on protein-free filtrates from oxalated blood without a preliminary copper lime treatment to remove interfering substances. In the present method, however, lactate determinations have been made on blood samples collected according to Long 1944) for blood pyruvic acid. These contain large amounts of citrate as well as NaF and cetyltrimethylammonium bromide, so that it was necessary first to ascertain whether or not these foreign substances affected the lactate recovery. Recovery experiments were also made in the presence of added pyruvate and glucose. The results obtained are shown in Table 5 . Table 5 shows that only citric acid lowers the lactate recovery. This does not seem to be due to the reaction between citrate and ceric sulphate, with consequent reduction in Ce++++ concentration, since the results were obtained in the presence of a large excess of the oxidant. However, as will be shown later, the citrate present in protein-free filtrates from blood does not interfere. The effect of added cetyltrimethylammonium bromide could not be studied owing to the uncontrollable frothing which occurred. In protein-free filtrates from blood, this frothing does not take place since the haemolytic agent is largely removed in the deproteinization. VoI. 40 C. LONG (c) Recovery of lactic acid added to blood. In Table 5 it was shown that the addition of citrate to solutions of lithium lactate reduced the lactate recovery by about 10 %. This effect is not produced, however, by the same amount of citrate buffer present in blood samples; an explanation of these facts has not been found. As shown in Table 6 , complete recovery is obtained on adding known. amounts of lithium lactate to blood samples containing citrate.
THE STABILIZATION OF LACTIC ACID
IN BLOOD SAMPLES (a) Using a 'Cetavlon '-citrate-NaF mixture. Long (1944) found that the pyruvate level of a blood sample could be stabilized for some weeks by collection in a tube containing the following mixturedried acid citrate buffer, pH 4-0, NaF and cetyltrimethylammonium bromide ('Cetavlon'). It has now been found that the same procedure prevents a rise in the lactate concentration of shed blood; the results obtained in a typical experiment (Table 7) show that any slight change in level which does occur is in the opposite direction. Long (1944) . Preparation of protein-free filtrates described under 'Procedure'. The iodine titres quoted below are averages of closely agreeing duplicates and refer to 3 ml. of centrifugate, equivalent to 1-5 ml. blood sample. Blank estimations were made on 3 ml. 10 % trichloroacetic acid.) Bueding & Goldfarb (1941) and of Long (1944) have been tested for their ability to stabilize the glucose level of blood samples for several days. The results obtained are shown in Table 9 , from which it appears that more consistent results are obtained by the latter method. Glucose was estimated by the procedure of F6lin & Wu (1920) . It should be mentioned that a difficulty arises when the method of Bueding & Goldfarb is used, namely, that on adding the phosphomolybdic acid reagent a turbidity develops which seems not to disappear completely on dilution. It is possible, therefore, that in the Spekker absorptiometer, which was used for the final colour determination, the turbid solution absorbs too much light, thereby giving too high a value for the glucose concentration. The separation of substances of small differences in mobility at a given pH is impracticable in a diaphragm cell. Martin & Synge (1945) have discussed the diaphragm cell in some detail and give a bibliography.
In an attempt to avoid these difficulties we have developed a method in which ionophoretic separations take place in a slab of jelly. The substance to be investigated is inlaid in a gutter cut at right angles to the slab. The function of the jelly is to prevent convection of the electrolyte thus obviating the need for diaphragms and in addition, to prevent contact of the amino-acids with the electrodes. Convection, in the absence of diaphragms, may also be prevented by a density gradient, as in the Tiselius apparatus for the electrophoresis of proteins. Since, in this type of apparatus, the density gradient is provided by the substances under investigation, complete separations into separate bands cannot be obtained and the analysis is conducted by the observation of fronts. Complete separations would perhaps be possible if the density gradient were provided by an inert substance (e.g. sucrose) to stabilize the column. Attempts have also been made to control convection by conducting the electrophoresis of proteins in a tube packed with glass powder (Coolidge, 1939) . When jelly is used, no special precautions need be taken to maintain a constant temperature.
Because there is a swamping concentration of electrolyte throughout the slab the substances being analyzed can move independently and separate into discrete bands. Since the movement of the bands is proportional to the time of running, and their widening by diffusion is only proportional to the square root of the time, substances having relatively small differences in mobility can be separated from one another. In order to minimize the effects of diffusion it is desirable to use the highest possible potential gradient. This is limited by the difficulty of providing adequate cooling. The compromise which we have adopted has been the use of a thin slab of jelly set in a water-cooled glass trough, the breadth of which may be varied according to the amount of material to be analyzed. The apparatus is made of plate glass and its construction requires no special skill. The electrodes consist of a brass cathode and a carbon anode resting in the ends of the trough. Spaces between the electrodes and the slab of jelly 4re perfused with suitable electrolytes.
These solutions are chosen so as to prevent changes arising in the jelly. Throughout the range of pH values which we have used (2-9), we have always
